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THE COAL MEASURES AMPHIBIA AND THE 
CROSSOPTERYGIA 

DR. EOY L. MOODIE 

Department op Anatomy, University op Illinois, Chicago 

It has been assumed for many years that the crossop- 
terygian ganoids are more nearly in the direct line of 
descent of the amphibia than any other known group of 
fishes. Recent work along this line adds considerable 
evidence to support this assumption and it is fast becom- 
ing accepted as practically proven that such was the line 
of descent of this group of vertebrates. Watson (1), 
Broom (2), Gregory (3-4), Pollard (5), Klaatsch (6), 
Budgett (7), the writer (8), and others have added to our 
knowledge of this relationship, which is based on the 
structure of the skull, the limbs and the mandible, so far 
as these anatomical features are known. Our knowledge 
of the osteology of neither group is satisfactory and it is 
to be hoped that additional material will do much toward 
a solution of this problem. 

It is our purpose here to state in a brief manner what 
the Amphibia from the Coal Measures add toward the 
solution of the problem of the derivation of the amphib- 
ians from the crossopterygians. 

The fish characters of the larval stages of the Amphibia 
have been often cited as evidence of this relationship. 
Budgett (7) says: 

It lias been admitted by the most competent paleontologists that the 
structure of the dermal bones of the head and shoulder girdle of Poly- 
pterus is so like that of certain Stegocephali, that it must be regarded 
as more than a mere resemblance while there are many points in the 
development of the skeleton that distinctly approach the condition of 
the Amphibia. The only possible interpretation of these facts appears 
to me to be that the living crossopterygians form a central group among 
recent forms, having some characters in common with most of the great 
groups. 

The writer (8) has called attention to the similarity of 
arrangement of the lateral line canals in Amphibia and 
Crossopterygia and has attempted a correlation of the 
cranial elements. In that essay it is stated: 
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A pliylogenetic scheme illustrating in a tentative way the possible relationships 
•of the Coal Measures Amphibia to the other Chordata. The Crossopterygia may 
have had more immediate ancestral relations than the diagram idicates. 
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The following elements of the stegocephalan cranium are homologous 
with the same elements in (the crossopterygian) fishes: premaxillse, 
maxillse, nasals, frontals, prefontals, parietals, squamosals, and post- 
frontals. The epioties and supraoecipitals of the Stegocephala are 
homologous with the supratemporal elements of fishes. The quadrato- 
jugal is homologous with the subopercular of fishes. The supratem- 
poral is homologous with the preopereulum (8). 

Wilder has commented on the close relationship of 
these two groups and even goes so far as to say: "that 
terrestrial vertebrates were originally derived from a 
single form, perhaps a single species" (i. e., of the Cros- 
sopterygia) (9). It will be interesting in this connection 
to give a brief resume of the geological history of the two 
groups of vertebrates. The history of the Amphibia is 
briefly this : 
Devonian : Thinopus antiquus Marsh, footprint from 

Pennsylvania. 
Mississippian : Footprints from eastern North America. 
Pennsylvanian : Five orders of Amphibians represented 
by hundreds of more or less complete skeletons from 
Europe and North America. 
Permian : Four orders of Amphibia, known from an abun- 
dance of material from Europe, Africa, Asia, and 
North America. 
Triassic : Two orders of Amphibia, the species of which 
may be compared very favorably with modern spe- 
cies ; North America and Europe. 
Comanchean : None known in North America. 
Cretaceous: Caudata known from imperfect fragments, 

North America. 
Eocene to Eecent: Frogs and salamanders as in modern 

times. 
Eecent: Salientia, Caudata, Gymnophiona. 

The geological history of the Crossopterygia is briefly 
summarized by Huxley 1 in the following: 

The group of Crossopterygida? as thus established appears to me to 
have many remarkable and interesting zoological and paleontological 
relations. Of the six families which compose it, four are not only 
Paleozoic, but are, some exclusively and all chiefly, confined to rocks of 

i Scientific Memoirs, II, p. 445. 
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the Devonian age, — an epoch in which, so far as our present knowledge 
goes, no fish belonging to the suborders Amiada? or Lepidosteidae (unless 
Cheirolepis is one of the latter) makes its appearance. Rapidly dimin- 
ishing in numbers the Crossopterygidee seem to have had several repre- 
sentatives during the Carboniferous epoch, but after this period . . . 
they are continued through the Mesozoic age only by a thin, though 
continuous line of Ccelacanthini, and terminate, at the present day, in 
the two or three known species of the single genus Polypterus, now 
recognized under two genera: Polypterus and Erpetoiohthys (Calam- 
oichthys). 

Such, in brief, is the geological history of this peculiar 
order of fishes. At the time of the publication of Hux- 
ley's essay the fact of the geological distribution of the 
group was of the greatest interest, since it proved the 
transition of a vertebrate group from the Paleozoic to 
later times in practically unchanged form. 

It will thus be seen that in the Devonian we have repre- 
sentatives of these two groups; one of which has been 
supposed to have given origin to the other. The oldest 
known Crossopterygian coexisted, in the Devonian, with 
well-developed Amphibia-like forms if we may trust the 
evidence of the single imprint of Thinopus antiquus 
Marsh from the Devonian of Pennsylvania. That the 
impression described by Professor Marsh is in reality a 
footprint no one, who consults his figures, can doubt. 
Its geological horizon is vouched for by the late Dr. 
Charles B. Beecher, whose interpretations of geological 
facts have never been impeached. So that we may say 
with perfect assurance that the oldest known Crossop- 
terygia existed side by side, geologically, with tvell-devel- 
oped air-breathing , quadrupedal vertebrates. Whether 
the latter were Amphibia or not is a matter which no one, 
in the light of our present knowledge, can decide. The 
inference, however, is that they were such. 

In order that all the facts of the case in regard to the 
origin of the Amphibia may be given, the following defi- 
nition of Crossopterygia is given. It is based on the 
first definition by Huxley and the definition contained in 
Zittel's "Paleontology" (ed. by Eastman). 

Dorsal fins two, or if single multifid and very long; the pectoral and 
usually the ventral fins lobate; no branchiostegal rays, but two prin- 
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eipal with sometimes lateral and median jugular plates situated be- 
tween the rami of the mandibles ; caudal fin diphyeereal or hetero- 
cercal; scales cycloid or rhomboid, smooth or sculptured. 

These characters may be supplemented by the follow- 
ing: Notochord persistent or vertebra? slightly ossified, 
infraclavicle present. Teeth dendritic in a few forms. 

The following list contains brief statements concerning 
the structures in these two groups which are usually re- 
garded as of great taxonomic importance in all vertebrates. 



4. Comparative Table op Structures in Amphibia and 
Ceossopterygia 



Amphibia 

I. Typically quadrupedal tetra- 
and pentadactyl, aquatic or terres- 
trial vertebrates. Body usually 
provided with ventral armor of 
ossified, calcified or chondrified 
myocommata, present in modern 
species as strands of connective 
tissue. Body completely scaled in 
one species. Scales present in 
other species but incompletely 
known. 

II. Teeth labyrinthine in some 
species. 

III. Vertebrse always ossified, 
sometimes highly developed; as- 
suming various forms. Notochord 
incompletely persistent as inter- 
central masses. 

IV. Skull covered with dermal 
bones, which are at times variously 
sculptured and grooved by pits 
and canals. 

V. Lateral line canals present 
as distinct impressions in the der- 
mal elements. 

VI. Parasphenoid largely de- 
veloped. 

VII. The following cranial ele- 
ments correlated with those of the 
Crossopterygia : Supraoecipital, 
epiotic, parietal, frontal, prefron- 
tal, nasal, premasilla, maxilla, 



Crossopterygia 

Aquatic, fring-flned, completely 
scaled, fishes with dorsal, ventral 
and caudal fins. 

Dentine of the teeth dendritic 
in a few forms. 

Vertebrae usually unossifled or 
incompletely. Notochord largely 
persistent and but slightly con- 
stricted. 

Skull covered by dermal bones 
which are seldom sculptured al- 
though possessing a similar type 
of lateral line sj'stem contained 
within the skin. 

Lateral line canals not always 
impressions in bones, but similar 
in arrangement to the Amphibia. 

Parasphenoid largely developed. 

The following elements absent 
in Amphibia but present in the 
Crossopterygia : Supratemporal os- 
sicles, ethmoid, hyomandibular, 
jugular plates, opercular appara- 
tus consisting of operculum and 
subopereulum. 

Pineal opening present in at 
least one genus. 

Air bladder present, with at 
times calcified walls. 

Pelvic girdle composed of rhom- 
boid plate of two parts which may 
correspond to the ilia. 
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squamosal, quadrate, pterygoid, 
palantine, supratemporal, para- 
sj>henoid, postorbital. Ethmoid 
present in Gymnophiona. 

VIII. Pineal opening present 
in most extinct species. 

X. No air bladder. Lung an- 
lagen on ventral surface of phar- 
ynx. 

XI. Pelvic girdle composed of 
osseous ilium, ischium and car- 
tilaginous or osseous pubis. 

XII. Arm consisting of hu- 
merus, radius, ulna, carpals (some- 
times cartilaginous), metacarpals 
and phalanges. 

XIII. Leg composed of femur, 
tibia, fibula, tarsus (sometimes 
cartilaginous), metatarsus and 
phalanges. 

XIV. Ribs single, long or 
short, heavy or slender, inter- or 
intracentral. 

XV. Form of body not fish- 
like. 

XVI. Mesonephros functional 
in adult. 

XVII. External gills slender 
and thread-like in the young of 
all living and some of the ancient 
forms. 

It will be seen from the above list of comparative struc- 
tures that there are a variety of instances in which the two 
groups approach each other. It is, however, to be clearly 
kept in mind that the oldest known Amphibia, as indi- 
cated by our present knowledge of these forms, are more 
like the modern forms of Amphibia than they are like 
the ancient types of fishes from which they supposedly 
have been derived. In other words, a more complete 
knowledge of the Coal Measures Amphibia has not served 
to simplify our ideas of amphibian descent in the least, 
but rather to confuse them. 

All of the early Amphibia have well-developed ambula- 
tory or natatory limbs and none of them are fish-like in 



Pectoral fin composed of pro-, 
meta — , and mesopteryginm, acti- 
nosts and fin rays. Broom (2) has 
correlated the elements in the arm 
of Sauripteris taylori with those 
of the amphibian arm down to the 
actinosts, which he regards as car- 
pals. The fin rays would repre- 
sent phalanges. 

Pelvic fin composed of basiost 
which represents the femur, and 
meta- and mesoptergyia and fin 
rays. 

Ribs double; dorsal, arising in- 
dependently of transverse proc- 
esses; ventral one an exogenous 
process of vertebra, which in the 
tail becomes the haemal arches by 
fusion of the tips. 

Form of body always typically 
fish-like. 

Mesonephros functional in adult. 

External gills of young, slender, 
thread-like, recalling those of lar- 
val salamander. 
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external form. Many of the representatives of the Am- 
phibia in the Coal Measures of North America are highly 
specialized and adapted for a variety of modes of life. 
One of the most significant factors in the derivation of the 
early land vertebrates from the fishes is the question of 
the origin of limbs from fins, on which much has been 
written from a theoretical standpoint, but nothing has 
been seen in the nature of material supporting and defin- 
ing the details in the process of evolution. It must be 
remembered, however, that the Coal Measure forms are 
Amphibia in a high stage of development and when new 
discoveries show us the anatomy of the forms from the 
Mississippian, Devonian and possibly the Silurian, then 
we shall be in better shape to discuss the question of the 
origin of tetra- and pentadactyl limbs. 

The evolutional status of the Coal Measures Amphibia 
may be briefly stated. They were an assemblage of 
forms, highly developed and highly specialized, with few 
primitive characters which would tend to ally them di- 
rectly with any known group of more primitive verte- 
brates. We should expect to find among these Paleozoic 
Amphibia some evidence of a transitional type of limb 
(11) structure between that of Eusthenoptercm (12), or 
allied Crossopterygian, on the one hand, and the penta- 
dactyl terrestrial vertebrate, on the other. But such evi- 
dence is not forthcoming among the material at present 
available. Evolutional forces had brought about a wide 
diversion of faunas in the Coal Measures, so that the spe- 
cies are easily separable into distinct geographic groups, 
which are more distinct than are the species of Amphibia 
inhabiting the same regions to-day. 

The living Amphibia are much more commonly iden- 
tical in eastern Ohio and northern Illinois than were the 
species of the same order during the Coal Measures. 
Species of Nectunts, Ambly stoma,, Rana and Bufo are not 
widely different in the two localities referred to ; yet the 
species of Amphibia during the Coal Measures at Mazon 
Creek, Illinois, and Linton, Ohio, are widely distinct. 
They are, in fact, more widely distinct than the species of 
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modern Amphibia existing in New York and in Cali- 
fornia ; for in these states we find modern genera in com- 
mon. This wide diversion of structure between the faunas 
of Linton and Mazon Creek is not due to difference in age, 
since it is almost assured that they were nearly contem- 
poraneous geologically. 

The high degree of specialization attained by various 
members of the Coal Measures Amphibia is remarkable. 
They had become adapted to nearly every condition of 
vertebrate existence, which animals of later times have 
adopted. There were strictly aquatic, fossorial, terres- 
trial, climbing, crawling, worm-like, snake-like, lizard-like, 
crocodile-like, all living contemporaneously. The absence 
of fish-like forms is noteworthy. 

1. Watson, D. M. S. 1912. The Larger Coal Measure Amphibia. Mem. 

and Proc. Manchester Lit. and PJiilos. Soc, LVII, No. 1, pp. 1-4, 1 pi. 

2. Broom, E. 1913. On the Structure of the Mandible in the Stegoeeph- 

alia. Anat. Aug., Bel. 45, No. 2/3, pp. 73-78, figs. 

3. Gregory, W. K. 1911. The Limbs of Eryops and the Origin of Paired 

Limbs from Fins. Science, N. S., 33, No. 848, pp. 508-9. 

4. Gregory, W. K. 1913. The Crossopterygian Ancestry of the Amphibia. 

Science, N. S., 37, No. 960, pp. 806-8. 

5. Pollard, H. B. 1891. On the Anatomy and Phylogenetie Position of 

Polypteras. Anat. Am., Bd. VI, p. 338; Zool. Jahro. (Morphol. 
Abth.), V, 1893, pp. 387-428, with pi. 

6. Klaatsch. Hermann. 1896. Die Brustflosse der Crossoptyeygiaer. Fest- 

schr. fur Gegenoaur, Bd. I, pp. 259-391, Taf. I-IV. 

7. Budgett, J. S. 1902. On the Structure of the Larval Polypterus. 

Trans. Zool Soc. London, XVI, Pt. VII, October; Works, pp. 154- 
176, pis. X-XIII, 1907. 

8. Moodie, E. L. 1908. The Lateral Line System in Extinct Amphibia. 

Journ. Morph., XIX, No. 2, 511-540, 17 figs. 

9. Wilder, H. H. 1909. History of the Human Body. New York, Henry 

Holt and Co. Amphibia, pp. 541-2. 

10. Moodie, E. L. 1915. The Scaled Amphibia of the Coal Measures. 

Science, N. S., Vol. XLI, No. 1056, pp. 463-464, 1915. 

11. Gregory, W. K. 1913. Crossopterygian Ancestry of the Amphibia. 

Science, N. S., XXXVII, No. 960, pp. 806-808. 

12. Patten, Wm. 1912. Evolution of the Vertebrates and their Kin, p. 

391, Fig. 265. 



